Clathrate hydrates, usually called gas hydrates, are compounds of great interest in oil industry, as well as in gas separation and storage, water purification etc... Like many other compounds that phase change, in this case from liquid water to non stoichiometric crystalline compound, modeling is required to understand and optimize the processes that involve them.
where (T 0 , P 0 ) are reference temperature and pressure, ∆µ L−β w | T 0 P 0 is the 138 chemical potential difference of water in the liquid phase and water in the 139 hydrate free cavity phase at the reference state, ∆h L−β w,m | P 0 the molar enthalpy ence between the liquid and the β phase, and a L w | T,P the activity of water in 142 the liquid phase at (T, P ). 143 Since the water activity is expressed with the activity coefficient a w = 144 γ w x L w and only "pure" water is involved, it is usual to consider the ideal case 145 (γ w = 1) (no additives, only gas molecules dissolved into the aquaeous phase, 146 showing weak deviation from ideality). 147 ∆µ L−β w | T 0 P 0 and ∆h L−β w,m | P 0 are thermodynamic properties of the liquid 148 phase compared to reference β phase. As for any thermodynamic model 149 based on activity coefficient formalism, these thermodynamic properties are 150 essential. Many values can be found in the litterature according to various 151 authors. Table 1 gives some of these values. Table 2 ). 160 The final equation (from equation 4) is:
In a previous study [18] , the parameters of Handa and Tse [23] were found 162 to be the best set for the modeling of pure clatrate hydrates. That is why 163 they were chosen. where ν i is the number of type i cavities per mole of water. In this model, 170 the occupancy factor is expressed from Langmuir kind approach:
where C i j is the Langmuir constant of molecule j in cavity i, and f j (T, P ) 172 is the fugacity of component j at temperature T and pressure P in the liquid 173 phase. Usually, this fugacity is to be equal to the fugacity in the gas phase since there are three phases at equilibrium in hydrates experiments (gas, aquaeous and hydrate). In these cases, a standard equation of state can be used for the calculations.
177
Then, the Langmuir constant is calculated from the interaction potential:
The integration of potential interaction w is calculated from 0 (surface of 179 gas molecule) to R − a, the distance between the molecule and the cavity. In 180 clathrate hydrate field, the Kihara potential is used [24], written:
Parameters , σ and a are the so-called Kihara parameters. corresponds 183 to the maximum attractive potential, σ the distance from the cavity center, 184 and a the hard-core radius. They are fitted for one molecule to experimental 185 data of pure gas hydrates (except for a that is usually a known geometric 186 parameter). To do so, a simple root mean square error (RMSE) minimization 187 of the deviation function is performed from N PT data (N > 2):
where P pred and P exp are the predicted and experimental pressure (respec-189 tively) at temperature T .
190
Of course, many Kihara parameters can be found in the literature, gas mixtures have to be considered, and the deviation function is based not 206 only on the pressure, but also on the hydrate composition as follows:
The first problem with this calculation is that the literature data rarely 208 gives the mixed hydrate composition, especially at total dissociation point 209 (hard to obtain and to measure since the hydrate volume is then close to 210 zero).Then, and this is the main issue, the experimental data obtained and 211 published in the literature might not be at thermodynamic equilibrium (quick 212 crystallizations).
213
Indeed, in a previous study, it was observed that the experimentally ob- are performed at high driving force (far from equilibrium).
228
In our previous work, it appeared that the driving force of the crystal- The figures 2 and 3 illustrate the whole framework for the hydrate flash.
311
The framework is define by the starting conditions:
• the total fixed volume (= initial gas volume, single phase before liquid 
In order to determine the gas consumption toward the hydrate phase, the is also known, and the LHE can be checked by determining the equilibrium pressure P H . If P V LE = P H , the quantity dm i w is not right (wrong mass 371 balance), and needs to be fine tuned in order to obtain the "same" pressures.
372
The criterion used is the following:
In order to simplify the calculations, an hypothesis is added: the amount The number n affects the length of the calculations, but also the results.
383
This is investigated later in section 4.4. 
393
To have a different situation than this, two solutions are conceivable.
394
First, use as many iterations as possible. This will be investigated in sec- In the end, a complete homogeneous hydrate phase is possible to compute.
401
To do so, the method reorganizing the hydrate can be performed with only Figure 4 there is a difference of 0.01bar in pressure and 0.1g in hydrate mass compared to n → ∞. Logically, framework II* is not affected by n.
508
Concerning final pressure and water mass in the hydrate phase, both 509 frameworks provide solid results (errors under 5% for pressure and mass In frameworks I and II, the crystallization is discretized in mass of hy-582 drate (equivalent to subcooling degree). Crystal growth is supposed to occur 583 at local thermodynamic equilibrium with the surrounding liquid (itself at 584 thermodynamic equilibrium with the surrounding gas phase). In the case of 585 framework I, the equilibrium is considered before crystallization, and after 586 for framework II. The discretization corresponds to successives layers of the 587 hydrate crystal. As a consequence, the final clathrate is non-stoichiometric 588 (local composition different than whole composition).
589
In a slightly different physical approach with a single iteration (framework 590 II*), the local composition of the hydrate phase is the same as the overall 591 composition (homogeneous solid phase in composition). To accomplish this, 592 the crystal composition is homogenized during crystallization.
593
The simulation results, compared to a reference case (experiment at low Tables Table 2: 
C4, i=4
C 5 = C n , i=4=n grown crystal n → ∞ 
